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This cooling tower is desined to serve as part of the
district heatintg and cooling facilities for supply of thermal
energy to a host of buildings under construction at the
Harbor Land located on the southern side of Kobe Station.
This is the largest cooling tower of this kind in Western
Japan. )

Our cooling tower for DHC service answers a wide
range of specitic needs of the district, taking full
advantage of our own technology with consideration
given not only to energy savings but also to minimum
tower space utilization and all environmental protection
as well.
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Pilot plant of activated
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Ultrapure water treatment system made
of GOLDEP stainless steel
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Pressurized electro osmotic dehydrator
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The Control Systems of the Largest
Electric Furnace in fhe_WorId for
Manufacturing Glass Lined Equipment
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a i E 32|
Masaaki Ishikawa

UDEEEEE e

M OH & =
Hiromi Wada

The Kobe plant of Chemical Process Equipment Div. was integlated to the Harima Plant,
and the facilities for manufacturing glass lined equipments were constructed newly. Then
we developed the control system for the electric furnaces which are the most important
facilities of the plant. We described the control system composed of the temperature control
and the electric power demandscontrol and so on.
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Table 1 Instituted parameters to fig. 7

Temp Hold Slope
Step 1 Target 1 | Time 1
Step 2 Target 2 | Holdtime | Slope 1
Step 3 Target 3 | Time 2 Slope 2
Step 4 Target 4 | Time 3
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Fig. 6 An instance of the temperature control pattern
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Fig. 8 An institution instance of the first value for
sloped temperature
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Test Facility with [FULLZONE | Impeller
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Shinko Pantec has developed an advanced mixing impeller [FULLZONE | and started on
business since April 1991. Recently we constructed a test facility with [FULLZONE | impeller.
This test facility is composed of glass-lined vessel, impeller & baffles, so it can be used
for test with actual chemical reaction in the premise of our customers. It is designed to be
transported on the tracks and the technical operating data, such as shaft speed and shaft
torque, which are obtained during test can be utilized for scale-up of commercial reactors.
We hope this test facility will be served for improvement of mixing processes in customer’s

stirred vessels.
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Introduction of PS MIXER
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PS MIXER has been developed to realize precise mixing of powder by strong shear force
which a combination of impeller and chopper produces. In this paper, the feature of PS MIXER
is introduced as a mixer under vacuum or a mixer for disintegration, and in the field of

granulating and drying.

Mixing ability of PS MIXER is shown by using color difference for the mixing test of CaCOg

and Red Iron Oxide.

Power characteristics is also studied and shown the relationship between power consumption

of impeller and mixing chamber volume.
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Table 1
Test equipment PS-05
Test sample Super-S
Sample capacity 23.0kg
Impeller revolution 500 rpm

410~110 torr
130 °C (Steam)
3.56~6.5 kW

20 ¢t/min

Pressure in vessel
‘Temperature of jacket
Mixing power

Purge air
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Introduction of Glass-Lined WIPRENE

BB REH 2R
= K B =
Yoji Miki

The Wiped Film Evaporator (WIPRENE) have met with great acceptance in the food, phar-
maceutical and petorochemical industries and in other various chemical industries where
heat-sensitive substances and high boiling point solutions are handled.

Glass-lined WIPRENE is capable of treating high corrosives, incongruous with metal ions
and highly adhesive substances, which have been difficult to treat.

This paper describes some applications of glass-lined WIPRENE.
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Fig. 1 Schematics of glass-lined
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Table 1 Thermal resistance of glass-lined steel

Thickness of Thickness of Thermal resistance
glass layer steel of glass-lined steel
mm mm hr °C/kcal
0.8 ~0.9 12 0. 001 27~0, 001 39
0.85~1.0 16 0.001 41~0. 001 61
0.9 ~1.2 19 0. 001 54~0, 001 92

2 KX GLE 2 m? FINMEREERT — &
Table 2 Operating result of distillation with GL reactor

STEP-1 STEP-2 STEP-3
Distillate ¢ 850 640 260
;li‘gltgl operating . 10 14 16
Jacket temp. °C 110 55 45
(Heating medium) (Steam) | (Hot water) | (Hot water)
]if::ctive heating o2 6.0 5.1 3.9
Overall heat transfer
coef. keal/m2hr+°C 39.5 99.3 62.5
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Photo. 1 Glass-lined WIPRENE 36-75
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Fig. 5 Flow sheet for continuous distillation system by glass-lined WIPRENE
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Fig. 6 Flow sheet for batch distillation system by glass-lined WIPRENE
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Fig. 7 Evaporation rate of methylen chloride per 1 m?
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Oxygen Passivated Stainless Steel for

y o
High-Temperature and Ozone-Injected B Btz
Ultrapure Waters (GOLDEP) ﬁamﬁ sugiigs(awa =

4 B
Kenichi Ushikoshi

GOLDEP, developed by Shinko Pantec to comply with the demand for low leachability against
ultrapure water, is a stainless steel processing technology, namely electropolishing plus
passivation technology. And GOLDEP-WHITE which was developed for much lower leachability
is a GOLDEP plus pickling technology. This technology removes amorphous iron oxide film
from surface of passivated stainless steel and make amorphous chrome oxide film instead.
High-temperature ultrapure water and ozone-injected ultrapure water have attracted wide
attention in that they can meet severe requirements in semiconductor manufacturing process
for their improved cleaning effect, simplification of the process and sterilization.

This paper describes the test data of the passivated stainless steel’s leachability against
high-temperature ultrapure water and performance for ozone-injected ultrapure water.

The test confirmed that the passivated stainless steel is excellent to apply to those ultrapure

waters.
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Fig. 2 Comparison of iron release by several surface
treatment methods
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272 BIMD T A PERERT, v E 1A v
X 1MOEET, EMPL, FAMEOX v » 7B EINT
BY, LBLAHEOE4BE, ShC@BRKESAL,
RID & 51z 80 °C DMK & AN - HiIBHIIC ANEH 7 2
FEAT 5 7o fEIRMED EEIZAE 2D OTEL A b5 114 5 7
DORME No F AT =P Z T B,

VY TMEROBMANE1IHE, 7THE, 30HEHKERD
HENTHLUWEMKE ANE2 505, % LTHAZN
TR DEERIR DLW & D 1 X N 2= R D ABR7K D 50 T

N2Gas

Lid

Sample pipes =

Hot ultrapure_|
water [80°C]

|

Over flow

Heat; Ultrapure
€ lwater

Recycle pump
#£3 7 A MEED
Fig. 3 Test equipment

DEZEDZECEVERENHEIN D,
BA~TRCEMT 2 FOEEY RS, Z0O=IZ,
Vva, 8 Zua, TOCOKADTHYY 1m2 okt
BRE D OB EEARLALOTSHY, 1HH, 7HE,
HBEDEEDNTRLASDTH B, CORTHLHBE
97 bV vk, PEEK, PVDF iHinEsh, EP,
GOLDEP, GOLDEP-WHITE o S U S ¥ b 07313
LA EHZ BN, PEEK, PVDF 5 } 1 PN E
%IE¢K§HKWOﬁiht%@ﬁ@&b#&%i%h
%o%mﬁbrm,HEKK@&&AE%&%&Bhﬁ
NmFKmbmeﬁ%héoEPMW%%K%&%K
& { GOLDEP-WHITE {313 & A *TEH2RE S N, 7
B AEWDHOME SIEE A CERIZRE SR, TOC
K%LTMERCDUEP%@SUSH#%@%&H&%
7%, PEEK, PVDF &\ o 2256 0 B3 JE8 i~ v~
MOBHRRBN D,
3 BHkesZLRHEE
ﬁﬁ*%m%m%h%%ﬁmxmr,ﬁ%mkgiﬁ&
BHE DBRICOWTHRBEEL b b2 — 22 (¥ }
EOBA -V EE LIz, B8RP sy ~ Vv — NERER
1000 m2, #EHikiEEE25 md/h Dz~ 2341 FERED
PaRT e ZOBARIENERS L7 80 m2, AUEPER
2 07Tm? L h, 2 CEMKEBRYHTHAD 2~ 28
A Y M ERETEMKERIC Y %~ 35 11588 0 @sik
AHDY/100 vV ET, HHIC X 5 RS0 8 nps X
NOLDLE L CHEEREEET DL, B1RY 0L 5
i %o 16~64 Mbit DRAM F#EMK DL E S BB DR
#2310ppt & U, 178540 1ppt OBMAZ D5 &4 2
EEHBIXTS pg/m2ed /B, E2EY 1L, A7 R b
BHHE~30HHOMDOEHBAHELX R LALDTHY, =
DE2REVEB M & 5 1@ GOLDEP # & b i+
NTCZDELDIFHCENMEL s TWD Z &b,
BN RIORTHACARF R BEIZ O £ 5 183t o B 1
EIC DN TS BHER T - TP LERH B,
4. BHIKEBAOBHH

MUK B OB ATRE /2R ) -~ T GOLDEP #f%
W7z BA 1990 4£6 AFRILAY: S =2~ 7 — >
N WA U, IR CAEBEO 7w~y — F a5
o MILRENE, A 4 > ZSHOEEE, RO B A~
T GOLDEP # 2 2 v Ch B, 3D, 4D oA
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1 days ]
7 days g
30 days 1

s/ 7! B3
PVDF GOLDEP WHITE EP GOLDEP

w4 ERBHMAKIC T BB HT A+ (Na)
Fig. 4 Leach out in hot ultrapure water (Na)

PEEK

1 400
L2007 1 days ]
= 1000 7 days ]
= 800f 30 days ]
E 600 ]
5 - ]
= 4001 |
200¢ i
o1 - ]

[
PVDF GOLDEP WHITE EP

w5 EREMKCRTEHET AT (Fe)
Fig. 5 Leach out in hot ultrapure water (Fe)

PEEK GOLDEP

£ 1 R EMCOKESBHRAY

Table 1 Quality ofultrapure water and leach-out limit

700 000,
600 000 | dars 1
— 500000 7 days ]
i 400 000: 30 days 4
E 3000000 ]
=4 r .
S 200 000f =
100 000t E
0 2z ]
PEEK PVDF GOLDEP WHITE EP GOLDEP
FeHE EREMKCBIBBHTAL G
Fig. 6 Leach out in hot ultrapure water (Cr)
1 days

V] 7 days E
30 days 1

[day]

ng/n

PVDF GOLDEP WHITE EP GOLDEP

BTH EEREMKCRTBRHTF A (TOC)
Fig. 7 Leach out in hot ultrapure water (TOC)

Vs
PEEK

Quality of | \ Note: 1) Leach-out per one circulation
ultrapure ‘ Leach out ’ Leach-out ‘ =Quality of ultrapure water X 1/10
water .. 9 P e . .
ooy [T T R ) Seifnion o pointof e it
(as total |ng/l (ppt) pg/m2/d ‘ o .
heavy metal)i Surface area of piping: 80m
‘ ‘ - Retention time : 0.028 hrs.
100 1 10 ‘ 75.1 ‘Standard for 4M Bit DRAM Flow rate for circulation: 25m3/h
50 5 . 37.6 1Standard for 16M Bit DRAM Volume of piping: 0.7 m3
10 | 1 | 7.5 IStandard for 64M Bit DRAM Nominal size of piping: 15-65 A
101 oo |
0.1 ‘ 0.01 0.075 |Suggested by Dr. Ohmi
| | 0.00 '
0.00 | 0001 | 00073 %2 X GEREKICOT HEHEY
Table 2 Leach out for hot ultrapure water
Unit: pg/m?2 day
ITEM | PEEK ‘ PVDF ‘ EP GV%})%’
8000 8000 8000 8000 |
Na | 018‘ o15\<002! <0.02
O ) ) o “Semvice 25 mo/h Fe <0.02 0.13 2.5 ‘ <0.02
= %) = ARG A F - ,AF etur: Cr ‘ <0 02 ‘ <0 02 <0 02 <0 02
$ <l
"’«, 4 T' T g TOC | 24 ‘3¢ | ND | ND
u] ml a u] O — Notes: 1) Ultrapure water : 80 °C
o <= < <z _ 2) Replace whole ultrapure watere
11; ji‘ #l }é: H filled in on 1st and 7th days.
&8 g g &s Figures show average leach out
o O o o o for the period from 8th to 30th
days.
oo o o o o —
HIE EEY AT LY
Fig. 8 Distribution piping system
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Used surface
(10¢/h, Oz 2 ppm,
bout 1 week)

Initial surface

Ultrapure water applied
Resisivity :18.25 MQ2+cm

TOC : <1.0 ppb Ozpassivated
Particulate ($0.07 ym) stainless steel
:<{1.0n/ml
Silica : <1.0 ppb
Total residue %10 000
: 1.0 ppb
PEEK
X1 000
PVDF
X1000

EH1

Photo. 1 Corrosion resistance test

MET R 2

B 4 R EMKSHED
Table 4 Analysis of ultrapure water
Sampling Date : NOV. 22, 1990

Analysis method : ICP-MS Unit : ppt
Item Detection limit Point of use
Lithium (Li) 0. 06 N.D
Sodium (Na) 1.3 N.D
Beryllium (Be) 0.03 N.D
Magnesium (Mg) 0.06 0.1
Calcium (Ca) 0.8 1.3
Strontium (Sr) 0.03 N.D
Barium (Ba) 0.06 N.D
Titanium (T1) 0.6 N.D
Zirconium (Zr) 0.06 N.D
Vanadium V) 0. 06 N.D
Niobium (Nb) 0. 06 N.D
Tantalum (Ta) 0.06 N.D
Chromium (Cr) 1.3 1.6
Molybdenum  (Mo) 0.1 N.D
Manganese (Mn) 0.1 N.D
on (Fe) 1.3 N.D
Cobalt (Co) 0.03 0.9
Nickel (N1 0.6 1.6
Copper (Cu) 0.03 0.1
Silver (Ag) 0.1 N.D
Zinc (Zn) 0.1 i N.D
Cadmium (Cd) 0.1 N.D
Aluminium (Al 0.1 0.4
Gallium (Ga) 0.03 N.D
Thallium (ThH 0.1 i N.D
Germanium  (Ge) 0.1 1 N.D
Tin (Sn) 0.1 0.3
Lead (Pb) 0.3 N.D
Antimony (Sb) 0.1 N.D
Bismuth (Bi) 0.06 N.D

£ 3 X EMASED

Table 3 Analysis of treated ultrapure water
g T | Ui | vaw
Resistivity M2«em | 1825
- |
Ultrapure water Point of yee TOC ppb <1.0
Dissolved oxygen | ppb <0.5 *
Particulate
Prighe | wme | <t
pump Silica ppb ‘ <1.0
Total residue ’ ppb <1.0
Ultrapure Ultra * Indication of instrument 0.4 ppb
water tank filter
1 D CREHZ(LEE LTS, PYDF & 32
: : Blow . Omne Tl BN, BEIEDLNBOEHKL, T
TOC destruction Polishing generator . _ o e
unit Catalvti demineralizer Refbx 7 v vV AN BN =¥ (Ws AW
atalytic "
deaerator t} 3- U

%98 GOLDEP W§lAsEy w3 — 12

Fig. 9 Flow diagram of ultrapure water treatment system made of GOLDEP

MUKERE L D BB NIk BEE T BARIDES 7 &
ST, BMKFEOELBIZTNTppt v AUt FHELTF
T, ML 2 BEEOWMA GOLDEP #1518\ =
LD,
5. F VU vEMBHIKA DA M

SR, SO LSk A Y v AR 5 2 &
&) HFEREE 7 v e 2 DB - BRI LR ST
Who £ TEBMAKILA Y % 2ppm BEGM L PEEK,
PVDF &\~ 7 GHGREE & REIREIL X 7 > 24 & D2
ERRET Lico REMEIEX 7 v v 2R B34V v DR
DERIEHRR & —F L, FEHO L 5 520 RIEHIFT
LRTWDZ LiZaWY, F2BE2 4 Y v IREs
IKDTIKET & K —BEEDFE S S EMIZ & - TIH~ 7
MRERT. BHEIY Bkt 512, PEEK |2805 /5

KEZFRAL7 v 2% Ttk e U R EIRE(L
A7 ¥ v Rt} GOLDEP-WHITE 3 w55 8%
K, AV IS U TR, THA
BEe o BN B AR L, X7 v v REKOBMT S
DEMAUIRE, DT, THRWE X\ o s N2 T, &
MUKFRE & UCIRR I @hie MRy Hor & b
oo BBMUK DI SRR R FEREBIA LT b FRIRIEAAHA
FT& B,

(SE

1) g~ HE CERE SESE 4z 2l
B, ZRNRE, KRB : oM 520 —~v50 0 7Y~
3(01) 57-62 (1991)

2) RHE, RIISH, fal—, sHEE, KRR Proc
15th Symposium on ULSI Ultra Clean Technology, Advanced
Wet Chemical Processing III, p. 177-195, Tokyo (1992)

3) BHIRE, NERE, SHEZEwr, KEEH : Proc. 15th
Symposium on ULSI Ultra Clean Technology, Advanced Wet
Chemical Processing III, p. 196-215, Tokyo (1992)

4) 4BifE— : Break Through, p. 51-55 (1992-4)
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Development of Upflow Type Biological

Contact Filter (WBF)

N :

FOBME
o H B
Kohei Masuda
L O I =
Shinichi Nonaka
o e =
Shinichi Yamasaki

An upflow type biological contact filter (WBF) has been developed in place of the activated
sludge process to aerobically treat wastewater that contains relatively high concentration
organic matter and suspended solid. The WBF can prevent the media bed from clogging,
allow significant energy saving and reduce installation space by adopting a newly developed
high efficiency oxygen dissolving unit and granular media. The advantages of WBF, steady
operation under highly organic loads and reduced backwash water, have been proved by a

pilot plant treating food processing wastewater.

¥ 2 »m &

BEK B BRC B\ T, REkESBRE (ASE) MR
SEAINTE RN, EHER IhEox, EXR-X,
B A YT OFEWNREREINT N5,

LRI, D OERKEZ A BEFI N
ASEREDLAH LWAELFRTHY, BHETETRAKRX
AEFIEEEB C F #1985F Bk Uiz,

Lal, BCFREEEGHEEK (BRICEBES S&FH
BEK) Xoic LARBEEBREKCEL TWD Z &AVHRR
Lo £27C, HEBEEGEEKETELT T SS~
O AT BhTwb tranRapiRrastE GERa
WBF) %BFE Uiz BT Y- Tik, BKEBLFH
WBL, BCFIhIbiegox, EAR— 225
CEEBEBEE Ui

AFTIE, A vy FPERZLDELNAZWBF OBE
BEHAYERE, B O DEREMEEE, 5 X OEFM:LENC D \WTH
ET5,

1. #BELRE
1. 1 B&

£1 Hic LArsiaiErEEEWB F oEgs s
Rt T, EBOMRE TH L IHCHET S,

1) THEKEE (R4 : HEBvAEV )

TEEUKER L D, BKABRCERER, BK TER
IR R N B, PR ICIREES e & SRR A A S
Bo THEUKEBI, ZEREKD BERSBMNARETH
D, MECEXHLUEELABERBEL N> T d,

2) XZFE

TEEKEB~DFMEAGIEO 2D, FHLDRE N
BOMHETIET %,

3) WA EE

B L 3500~4 000 mm ©F X T, ki 10~30

mm OBEELIEFM % T 5, PR RIIAERN:
T T 10~20 mm & 20~30 mm o 2 BIEA 201
%o

FHIE S IE CHAEMONBEENREITFCTh D20, e
Y GBRECAETE D,

RO TEBRRCHEN, FHARERE LI R X
CERARTHRT LD, BAENEUDZ ERLSEEL
T EITH LM TE, D, FEAESTHIELILX
DEZR—-Z{EREBNT N5,

4) NBEKIEERE

MEKE v +EAEKTERER Y 7L VBRI 5,

MK O—BERIERTHZ LI X - T, BBEBENES
EOHIENTE D,

- A = Effluent
Effluent
pit
Support gravel QD Recyeling pump
Cvlindrical
Leapold block
Process air and ]
hackwash air- I 1 ]
Recycling water

—— Influent
———Backwash water

£ WB F f#EE#haX
Fig. 1 Schematic diagram of WBF
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£ 1% WBFitBHITE
Table 1 Time chart of backwash

B2 xR Moy MEBEMR
Table 2 Specification of pilot plant

>>>>>>>>>>>>>>>>>>>>>>>>>>> ‘ S Backwash Symbol Component Specification
...... S | Service | — 4 AT ter | Sedi N
frem e i backwash | b;rd/(azs?,r | > tation @® | WBF reactor F800 x 1 000 x 5 300H
| Feed pump ——— 1 ‘ ® Media bed [Partic]e size 20~30 mm
| Recycling water pump a——— | ®  |Support gravel | Gravel size 32~60 mm
| Backwash pump | In— N !
| Process air blower ®@ Cyll;ggl?cal Leopold { 200 dia. X 1 000L
) 1 : .
{ Backwash blower P1 :Feed pump { 0.05 m3/min x 10 mH,0, 0.75 kW
| Effluent valve P2 |Recycling water pumpi 0.4m3/minx10mHz0, 1.5kW
Recycling water valve P2 Backwash water pump‘ Ditto
Backwash water valve | i :
Interval i Once/day B1 |Process air blower :0.35m3/min X 0.6 kg/cm?2,3.7 kW
N [ 8 _ | P 2
Time (min) I 12 ’ 3 B2 |Backwash blower {1.08 m3/min X 0.6 kg/cm?,5.5 kW
Backwash water
CV-3 Backwash water valve
Backwash waste
Recyeling water] CV-2 - = [
valve (>|D<1
(ja_<4{\ XH S — .'\'I d'. CV']
Bl beﬁ a Effluent valve
B 2 (BF—Ne<HFD— ;
Influent

B2

vy FERAE v -~
Fig. 2

Flowsheet of the pilot plant

(& Raw water
storage basin

1. 2 KRB
1) 4B TE

EYBIFEEEE 1L B O DR LESEE & FBEe 4 &b 1
Do TRARAREDRFBLS N BEEELH T 525, —F
THZEAELC S\ o AWBFREBMS S OB(LA R
ZHEET, FIBMELEL LTED, & DDl
BOKICBA UTHBIZEME U\, FBESRED I, {H
LT B EMBEOENDMIZ, KOBHEFRICE S & &
DIMRE WV, DFY, WBFIZ LAWT, K&ZKEFET
KA THD, SSIE—EMIEINTS, » BRI
LEROBIC & o TFEBHSHEET 5 720, JFEHAEITE
<i2hb,

B O DRR{LEBEIL, fho EE AWK HR & REFH EE
A8 LI ERT & - T Th b, FBIEKE 25%
$HeT 5 &, PHMRECHMEY I A7E - BFEL, s
RIS NRETEL AL T IEEAL Ui it e
HF L > THRENL T I —E D BRI FEIN S,
2) BT

WBF DR TIEYE1 RiCRT, S TROBMIT,
TRRA TR L A ~ ~ Pk L BEKEORIOT S T 5
25, WBFIBEEKED LRI EAER DAL <~
Ve DB TITH o BEEIEE L, BEKEDO LA 2 &4
1E/R %58 E 45, WBFOW%4TIt, ABTETO

Support
gravel

D

244

r—?%—»}?fﬂuent

L

| - L

b Cylindrical O WBF reactor @ Effluent storage
Leopold block hasin

WIES SENDRWC &, BEEONETETLHEL -
SSHIMTE2Z L DBHNAS, HE S S k0 #95
SSEFMALRMES L LR T RCEX»BEX, F
PR LN 22 S s & O BEM I i % 2 2R 7 o
7L T %o KRG TR LS S w522 HEH 3 5
DEBEN D, REEEKERR TAERIC B 1/2 &
BT&E D, L LREDKRIFIIZ00TS 5,
2. EREBLIUEREK

KREREEEIZ, ~13£0.8 mY x 1 mlx 5.3 m¥, PR E2.7 m3
DI HAENETH Do = DEBE X F\TWB F O M
BEAFE Lo A my MUY v - %82 i, PR
Bx B2RICRT, FBIE, AMBEETE TEBL
7zo KEREUKICIX, 27V~ MEHO BB K
PH FHE U CHEA Lizo 83 RICEKDKEAFT,
3. WBFmEiae
3.1 EsFEHtiadee

WBF CRARLEAIT ) 20 kSR nmans
BB ETH 22, WBF DX 5 4 YEFascit, %
ML I RIQIRFEBY LR35, £4, HAx
N, BEEFDREIRICEL 2D LY SHRABER
AR E B DD, 77 AEBRERC LY ZEHR A B
AL, BR 77 I VEFR TS BB 55 7
7N ~ERGAD R SR, HEHTH D &\ 5 fEEHR
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B 3k EBREKKE
Table 3 Influent properties

Ikt;m\\\ ,,,,,,,,,,,,,,,,,,, Range Average
pH (=) | 6.33~866 6.90
SS (mg/e) | 64.0~260 153

T-BOD (mg/¢) | 88.7~594 328

S-BOD  (mg/¢) | 77.1~314 196

T-COD  (mg/£) | 54.9~223 144

S-COD  (mg/¢) | 37.8~149 83.5

S-TOC  (mg/€) | 45.6~175 | 108

# 4k ERBRBEHX
Table 4 Theoretical oxygen dissolving efficiency

(Ea) Theoretical
oxygen dissolving
efficiency
%
| 16.4
‘ 13.0
‘ 11.4

10.5
10.1

BOD volumetric load |
kg/m3.d

[S23 SRRV S

£ 5 % FHUEAE (BOD &fif 2~2.5kg/m?.d)
Table 5 Test results at 2~2.5kg-BOD/m3+d (average)

Influent | Effuluent % Removal
mg/e mg/8 @® “ @
pH 6.73 7.28 — —
SS 198 139 29.8 —
T.BODY 432 106 75.5 97.3
S+<BOD? 239 11.5 95.2 :
T.COD 175 76.5 56.3 845
S.COD 85.3 27.1 68.2 ’
S.TOC 139 20.5 85.3 -
Notes ¥ T: Total
2) S : Soluble

3 ®: (T-T)/T or (5-8)/S % Removal
0 ®: (T-S)/T % Removal

Bt LoT, WBFTIRY 7 IV —TERFRN % A
FTHZEEL, BFK—FALALBOAB VARV T
Bk EE A AW HHEE L L.

Ay FEEBCLY, BKEAWTKLa ZHE L.
55 5 v~ EEARTIE, KlLai$ 3R RT L5 5m
/h BFCi@Ak LV (BUK+H1ERK) wBEINDA,
5m/h I FTik—E & i Bo LichiaT, BELVIXSm
/h ChhHLELD, LV=5m/h Bl kR, KLa i2(1)=X
THRTENTE B,

KLa=4.92 (Qg/A)%"4.Ho.? W

=z, Kla: EBREBHEERE (/b

Qg : MKHE (m3/h)

A : FEE (m?)

H : 7k (m)
OREFNT, KEHOFENERTEDI2ENS o
Tnbdo UL, PHEETTRKEOSERLD, BE
BRI KEEOHBEZF R Mo TWwdHbDLEXLD
Nho BB BT 5L EESE (Q2) kB LURARRE

2.0 T T T T T

W e _

0.51 4

]\LJ AY
4'92.(Qg 'A)G.N.Ho.o?

0.2 E

2 IG 10 20 50
LV [m/h]

&3 KLa iIcKg 2LVOEZE
Fig. 3 Effect of LV on the KLa

0.1 L

i (Ea) Rz Zh@~GXTRDD I LHRTE B,

_oc
Q€ =5979.Fa-a 2
0.C=a"JL+b-X
=KLa-V+(Cs—C) (3)
_KLa:V+(Cs=C)
Ea ="0979.Qg-« @

Z o, Ea:®BERBRHE (-)
0.C: nEm#ERE (kg/d)
AL BEEBODE (kg/d)
P BKEIERE (=)
X : ZEEtE (ko)
a’: EHHEERAE ()
V : kAR (m3)
b’ AR EE d/dD
Cs : THMFEHEICH T 2 BB FRRREE
(kg/m3)

]

C : BPRHEBRFAERE (kg/m3)

@), @Fndb, BODAEFMEE<LT5L00, Qg k&l
72h, KlLaigkx</hb:82%. LML, —HHCIX
Qg # A< T5 BN BB RRD D,
(~4)RA& FAWT, WBF OBEBZRERFEFELXBOD
715 1~5kg/md-d 0EFATRDH &, FARCRT LD
2 10.1~16.4 % & /2 %o EEIKMHEERC B 5 BRE
L, BODARMZ~S kg/m3-d it T 8~12.5%
Th b EHEE I N,

2. 2 WmEKE

fFEH L LTBODEATR 2~25kg/m3-d ki) % 0H
HEAESRICRT, S-BOD BRERIK 95.2% L&A
T-BOD B33 75.5 % & BEve LS SEREEN20.8
% LIEN=DTHY, COD, TOCHRELOWTHLHL
ZENRE LD, BODRHEANCODBRERMENS, Zh
1B e R E RS EN DD TH D, —RIT
SEEEO X 5 hEEEMKFRTE, BAGALETHE
HEEREE R A T e EE S R O BRERIT EL A
%

WBFEEWTIL, UWBHESCI-TSSE LS
DMK E T B, BODERERIXEK T-BOD &4
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1001

S, o

BOD removal efficiency [%]

BOD volmetric load [kg/me+d]

#£4H BODHEHMEHEZBODBRER (/{umy FFA L)
Fig. 4 BOD volumetric load vs. BOD removal efficiency

T T T T T
§ 100 <o _ g ey E
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s 0k ) .
(=) [l
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& 601 ! -1
o I
2 s ; ]
4“ 1 . : | L _I
0 10 20 30 40 50 60

BOD surface loading [g/med]

;5 BODEKHEBEAM-BODBRERX (fuay F72 1)
Fig. 5 BOD surface loading vs. BOD removal efficiency

HK S-BOD 2 6RD DD ET 5,2 0HEHETBOD,
CODEEEERDD EENFNIT.3%, 84.5%E 75,
2.3 LD BODERERIZ LRHETRD LD TS
o
2. 3 BODBEMAEE
1) BODE® L BODEKER
WBTF OB O DUEEENITEIFM Y ) OBFBERR X
OCREHEAMTRTZENTE %, F4RCBODARA
fii& B O DErFERDOBIFRA R, HK BOD 20 mg/e 3]
THEHBET D&, FBREKD BO DX FH330 mg/e
Th B, #95 %OBRERIUETH B, ZOBED
BODABAFMIFE4RL 25kg/m3-d L 7%, %7,
BODAERER 5kg/ms.d iIc I\~ T L #I80 % Dk %4
BDHZLMNTE, BAFNLENRTRETH D LS 2 %,
KRBT M Lz FkE, B 20~30 mm (5 25
mm) ThiHA, FHEERELEL CHEREERD S &
126 m2/m3 k7 h, ZOWEHFHNTBODEREBAR
RDOBODBRERE DR THETLESRC A 5,
AEKBOD%20mg/2 T &3 570D BODEERE
Ak, B5BL20g/m2.d L3,
2) Pk os
FHRROBEYPFET DD, <A a5 FER LW
LT, FHEE2LD/NENYF+7 X MR EWT, B6
RICRT SEEDOFM CHBR 1T - 120
BODXREMAME BODBREEDOERTCEE L iR

100}

[%]

90r-

Iy
5]
;g 80 ~a 7
2L Media diameter| Test EN
S [om] scale A=
g x| -1 |
= aboratory
P I =0 AT O |
Q Al 20~30
° 20~30 | Pilot test
50 b
1l ! 1 1 1 1
400 10 20 30 40 50 60
BOD surface loading [ g /m¢-d]
BOE ~NrF7xMNIBiFSBODEREER & BODBRER

Fig. 6 BOD surface loading vs. BOD removal efficiency

o Media diameter Specific
AN (Average) Surfazce area fFEHHF
3
No. \ i mm i m2/m Ny FF A b ERRE
1 20~30 (25) | 126 Table 6
2 1 10~20 (18) 169 Characteristics of test
3 | 10~15 (13) 233 media

HEORITRT. SEEOFEMO T — XLSITE—8 L
7wy P &N, WBF OB ODBEMELFHM OBRCE
RS KREBATCHBEXNG, 7L, EEECH T
"4y tOBE BOD RinHEER 20 g/m2-d L kic
BERYFT AT IVBRERIMEL AT D,
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Fig. 7 Influent and effluent SS concentration profiles
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Table 7 Case study on WBF and AS processes
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Fig. 8 Air backwashing time vs. SS concentration rising rate
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2500 [399 637  0.63 |1 203‘ 1083 1.11 | 0.74
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Fig. 9 An example of WBF process
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Removal of High Concentration Odor Generated
from Sewage Treatment by
Biological Deodorizing System with Adsorbents

BONBIRAR MR LEkE
B &) 1
Susumu Hasegawa

GORBEEL FEH 1R
B H &

Tetsuo Narita

B-DO System, developed by Shinko Pantec, is a biological deodorizing system using adsorbents
as media for adhesion of microorganisms. The use of adsorbents allowed easy system start-
up, eliminating complicated operations such as inoculation and acclimatization. This paper is
the report on the first commercial operation of the system which was applied to the waste
gas containing high concentration odor generated from sewage treatment plants. It has been

successfully operating since May 1991.

Key words: biological deodorizing, adsorbents, odor, pH, Hydrogen sulfide.
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Fig. 1 H:S removal at the first stage of operation
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and filtered

water
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Waste gas ﬁ‘{ T — 5|
:l . Treatment
o gas
w7
Mist separator
B-DO reactor 1_]'1 Fan . RUS
Drain Adsorber with BIM SR 7 v —
pump (P Fig. 3 Flow sheet of a full-scale
Sheal pit plant
Name Form Number Specification Remarks
B-DO reactor Vertical 2 stage type 2 150 m3/min made of FRP
Mist separator “Tnertial collision type 2 150 m3/min made of FRP
Suction fan Turbo fan 2 150 m3/min X 300 mmAq X 15 kW| with soundproofing cover
Adsorber 2 phase cartridge type 2 150 m3/min made of FRP
Sprinkling pump | Multistage pump 1 600 ¢/min X 21 mAq X 5.5 kW

FE R
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Photo. 1 A panoramic photograph of B-DO system
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Table 2 Performance of B-DO system

Odor components Concentration — BDO ﬂor - | Effluent Ditection limit
of waste gas | \piqqe stage [Effluent [Removal °f 2dsorber
£ 1 X WKERTHEE Hydrogen sulfide 7.8 0.0054 | 0.0029]>999 | ND 0.0005
Table 1 Monthly mean concentration of H,S Methyl mercaptan) 089 0.13 0.015 | 983 | ND 0.0001
. . Dimethy! sulfide 0.046 0.025 0.0033! 928 | ND 0.000 1
Heisei 3 (Unit : ppm) Dimethyl disulfide]  0.008 0.0034 0001 | 87.5 | ND 0.0003
‘ nieasurement by gas analyzer Ammonia ND - - - ND 0.1
Mean Peak . = — —_ —
Month | concentration | concentration : as sensor | gas chromatgraph Remarks AcAetaldehydeA ND ND 0.002
& g grap
ppm ppm ppm ppm Trimethylamin ND - | = — ND 0.0001
May 5 13 1 Styrene ND — | = — ND 0.03
Jun. 5~10 27 i 6.2 .
Jul. 10~15 32 | 15 19.0 Unit: ppm
Aug. 5~10 20 5.1 ND : under ditection limit of gas chromatgraph (Equal to 1.0
Sep. 15~20 32 7 7.8 Stop feeding FeClg of odor intensity)
o
T T T 10 100
L 8 80
B Waste gas 6 60
L Treatment gas 4 40
2 20
- s L L 0 o
4 K RS R 24 18 12 6 Treat- Waste
Fig. 4 Result of measuring H2S . ment  gas
in waste gas Time  [h] 8as
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Fig. 5 Performance of B-DO system at the first stage of

operation
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Fig. 6 Operating results of a full-scale plant
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Application of IWS to Industrial
Waste Treatment Systems

(ROEESE R 15
T

Kazushige Hinokiyama

Shinko Pantec has conducted pilot tests with the IWS, wet type dust collection/gas removal
system, which is designed to serve a dual purpose of removing simultaneously both dust and
hazardous gases emitted from an industrial waste incinerator. Full-scale units delivered to
our users have been found to be lower in both construction and operating costs, as compared
with the conventional systems. This paper presents these findings together with the design

features of the IWS.
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D2y —ZAEFEA Lo Tk, My P 7AFTT VT
D7u—~TESHDOBYTHY, TR +7 7Y FOBEEE

BRIEIROEY ThH %,
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FRP#

NaOH i 50 ¢ Ky o7 v v fl

T 70 m3/min x 250 mmAq x 5.5 kW
FRP#
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PVCHl

NP —x— 3kW
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1 % Casel ¥ s
able 1 Test result of case 1

1 3 4
M t - -
e Qunhtower] IWS | IWS |Qumhtows| IWS | IWS |Quohtows| IWS | IWS |Quachiower] IWS | IWS
inlet inlet outlet inlet inlet outlet inlet inlet outlet inlet inlet outlet
Gas quantity m’n/min| 13,8 13.5 16,9 16,9 -

H:0 % 50, 4 50. 4 50, 4 50, 4 4
Odor concentration -~ 7300 540 170 9700 300 970 730 1700 -| 970
Dust content g/ 11,7 4,32 0,023 0 16. 4 0,703 | 0,0438 15.8 0. 435 0. 152 12,6 0, 499 0,138

(CH»):8 ppm 0,013 0,013

(CH):S: ppm - | <0.001 <0. 001 . ,

THC ppm 1400 420 75 1800 420 1800 680 450 1800 1100 360

(CH:N ppm 0. 003 0, 003 :

CH,CHO ppm <0. 001 ) <0. 001

CH:SH ppm | <0.001 <0. 001

.~ CsHs ppm | <0, 001 <0, 001
. HS ppm 0. 018 0,013

NHs ppm 5 3 17 9 .

Cl ppm ND 1.5 0.5 ND 1.5 ND 0.5 ND ND 0,2

Hel ppm 510 2.5

CS, ppm 20 ND ND 30 ND 28 24 ND 76 ND 40

CHi:Br . ppm 6 ND ND 30 - ND ND ND ND ND ND ND

SO: ppm 50 ND ND ND ND 2 ND 30 4 4 4

Br: mg./m’y 23 15 ND 30 1 37 29 10 41 35 11.

SOx ppm 60 21 ND 140 L1 210 8.2 ND 550 150 82

ng/m’ | 42/44|3.8/40)1.1/1.5|48/5028/3.0/09/.5/89/4230/88|1.6/1.6|69/80)41/42|17/20
Size distribution | #m 1,45 1,39 1.58 1.53 .34 | 0.3 | 190 | 1.32 1,22 :

Hg mg/m’ | 0,069 0. 067 0. 058 0,044 0. 043 0. 044 0, 061 0, 068 0. 054 0. 046 0. 057 0. 054

Pu ng /s 160 69 3.5 160 2.7 150 42 14 170 83 25

NOx ppm 52 27
12 & Case 2 72 MER
able 2 Test result of case 2

Measurement ! 3 4
item Quench tower| IWS IWS  |Quenchtower| IWS IWS  |Quenchtower| IWS IWS  [Quenchtower| IWS IWS
inlet inlet outlet inlet inlet outlet inlet inlet outlet inlet inlet outlet
)dor concentration — 30000 23000 4100 30000 17000 4100 41000 30000 17000 - 23000 7000
Just content g/M’ | 0.0828 | 00184 | 00084 | 0.114 | 0.0228 | 0.0047 | 0.0929 | 0.0155 | 0.0033 | 0.0478 | 0.0082 | 0.0039
Yas quantity m®/tnin 48,5 39,6 39,6 47,4 40, 4 38.6° 64.3 53.9 56,74 63. 2 52,2 50,9
as quantity (wet)! m'y/min 30,6 30,8 30.9 32,17 3L5 30.2 41,1 41,5 43,4 38.8 40,4 39.5
Jas quantity (dry) | m’s/min 19.2 19.6 20,6 21.8 19.9 19.5 26. 2 24,8 26.6 27.6 25.5 26.0
Jas velocity m/s 8.9 9.0 9.3 8.7 , 9.1 11. 8 12,3 13.3 11.6 11.9 12.0
Static pressur mnH.0 —52 —T74 —95 —170 —84 —95 —104 —165 —203 —90 —160 —200
Pemperature T 157 74 72 120 73 144 76 75 168 74 72

H:0 % 37.2 36.7 33.8 33.3 36.8 35.3 37,2 40,3 38,8 28.8 37.0 34,2

CO: % 6.8 6.3 5.1 6.7 A 5.8 6.9 6.6 6.6 6.8 6.4 5.9

0. % 12.0 12,7 13. 9 12,1 12,8 13.6 12,0 12,2 12,3 12,2 12,5 13.0

N: % 8L.2 81,0 81.0 81.2 80,8 80.6 81,1 81,2 81,1 81.0 811 81.1

Br, ng,/m’ 42 23 16 32 19 38 33 22 35 34 31
silane g/ 43 1.9 1.4 3.0 1.7 1.2 3.4 1,6 L5 4.4 2.8 1,6
jize distribution “m 1.67 0,92 1,47 1.62 1.33 1. 47

9{) T T T T 17T T T T TTTT T T ™TT CcTrrrT

IR B R DILRAEINGT % LB o £ X HHRE i Quench toyerfnlet o ]
IR EIGEBL R HIENE L 2D, (BE6E) 77X soF o .
‘pyE 0.7 m/sec~1.0 m/sec DEECHEDTIL 9.7  § 0T ‘ T
. . @ gl
~98.8 % LB LT VB, ¥k, HEFATHB HOL g 5 IWS outlet

N . —ta = N
'k 0 SOX DFRFEHI99.5 %k £ 099.8 % L Ee D £ 3l .
RN 8 % Th » oo Tads, TORDX X+ ORFES 2 2t .
. o) ~ 4 o a
EBTRCRTo b, MAEAR, IWSARS XD §
R B RBAMEER RN E Db b & DHE g |
BB 3 BTHIHE DO (NHY)2S0s BT oié & —BT %, B 5 |
Ric, RAA%ESPENLBALLBELOWTST 5 4 ]
MERMLEOEREE2RCR T EnbRRAMEE 5 of ]
39%~86 % T o fno £ A WRFEFZRIZ0 %~96 % TT .
MR DIREDHFAN TR ARENR R LR 57z |
¥, RERIOCY I v iBREINLGILD T v R 1Y

Mo toe 7nds, T ODROX R P ORESTHE 8BITR
W, ESPHAE IWSH Ok BEERITFCAEMN
IZ)“D 7‘Co

Fig. 7 Size distribution curve (Rosin-Rammler curve)

Particle size [zn)
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‘able 3 Test result v
Measurement Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7
Item Inlet | Outlet | Inlet | Outlet | Inlet | Outlet | Inlet | Qutlet | Inlet | Outlet | .Inlet | Outlet | Inlet | Outleéet
~ uantit; (wet)m’n/min| 27.3 30.5 27.8 30.5 50.5 60.7 50.5 60.7 23.0 28.0 | .23.0 28.0 °| 23.0 28.0
=as q Y |Wry)m®/min| 19.8 21.6 19.8 21.5 37.8 42.3 37.8 42.3 15.8 18,8 | 158 | 18.8 15.8 i+ 18.8
) m./sec 1.73 1.78 3.21 3.21 1.46 1.46 1.46°
Plate velocity | 100, /., “sec 17,6 17.6 9.5 9.5 20.9 6.9 ‘ 20.9
Jpacity % 1 15 5 5 .5 - 5
Dust content {dry)g/m' 0.45 0.064 0.36 0.043 0.70 0.11 0.42 0.093 1.47 0.083 0.7 | 0.061 1.70 0.12
Removal efficiency 2% 84.6 87.0 82.4 75.2 93.3 . 89.6 91.6
Joluble material g/ m' 0.31 0.045 0.27 0.022 0.52 0.063 0.32 0.047
in dust % 68.9 70.3 75.0 51.2 74.3 57.3 76.2 50.5
Desoluble material g/ m™ 0.14 0.019 0.09 0.021 0.18 0.047 0.10 0.046
in dust % 31.1 29.7 25.0 48.8 25.7 42.7 23.8 49.5
30x removal (dry)ppm. 43 ND(1) 15 ND(1) 14 ND(1) 20 ND(1) | ND(1) | ND(1) | ND(1) | ND(1) | ND(1) | ND(1)
efficiency = 9)6 97.7 93.3 92.9 95.0
- ry)ppm 720 9 400 20 430 5 220 7 160 2
el re‘:f‘f’i‘:;lncy (drydmg/m’ | 11738 | 15 652 33 701 8 358 11 261 3
% 98.7 91.9 98.9 96.9 98.8
[e v.v_ % 13.1 14.0 13.0 14.0 12.9 13.0 13.4 13.6 12.7 13.7 12.7 13.9
CH,CHO v/v ppm
NH; v/v ppm
Jdor concentration —
Measurement Run 8 Run 9 Run 10 D.C. power source ON | D.C. power source OFF | D.C. power soure ON_| D.C. power source OFF
Item Inlet | Qutlet | Inlet | Outlet | Inlet | Qutlet | Inlet | Outlet | Inlet | Qutlet | Tnlet | OQutlet | Tnlet | Qutlet
“as quantit. (wetdm’x/min| 25.0 29.0 15.2 19.8 15.2 19.3 26.3 30.0 26.3 30.0 249 31.83 23.7 27.0
l q ¥ {dry)m®%./min| 17.4 19.6 10.3 13.5 10.3 13.5 19.0 20.6 19.0 20.6 16.8 20.1 16.0 17.7
: m.sec 0.96 0.96 1.66 1.66 1.61 1.54
Plate veloeity | 100, /sec 1.7 31.7 18.4 18.4 18.9 19.8°
Jdpacity % 1 1 0 70 5 © 60
Dust content (drydg/m's 1.63 0.047 1.88 0.038 1.372 0.096 | 0.886 | 0.468 | 0.454 0.056 | 0.365 0.232
Iemoval efficiency % 96.2 97.4 92.4 42.7 85.2 29.7
Soluble material g/ m’x A
in dust % 4.3 1.06 1.72 1.08
Jesoluble material g/ m’
in dust %
30x removal (ry)ppm
efficiency %
. (dry)ppm
el removal 3
. efficency (dry)glf/m N
Qs vy %
- CH,CIIO v v ppm 0.023
NH, vV ppm 77
ddor concentration 980 730

=100 WO ©
(= R=17 R~
T

= 01Ty
(=R~

N w
=R
T T

e
~=)
7

'pumulative % of passing through sieve

T T T T T T TTTTT

T T T T 1T TTTTT
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LoD gty

[ R

w

Particie size [um]

B8 B HBEMEFRX

"ig. 8 Size distribution curve (Rosin-Rammler curve)
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Table 4 Quality of IWS circulating water

IWS circulating
water

Sample water

pH 8.9

Specific gravity 1.035

SS Umg/e3 2730

TS (Umg/£) | 62400

BOD Umg/23 114

COD (mg/e] 510

Lead (Pb) (mg/£) 3.84

Igladmium (Cd Umg/2) 0.29
ectric °

conductivity (¢S/em.25°C) | 41500

Mercury (Hg) and

alkyl mercury other [mg/€) <0, 0005

mercury compound

HOG [m]

HOG [m]

B E 4 =EEAE
Photo. 4 Outside vi

0.7 q
0.5F b
0.3
o]
0.2p 18E11R
SO;-AIR-NaOH %
HOG
) 1 1 . Fig. 11
0 3000 5000 10000 HOG of SO.-AIR-
Gas velocity [keg/me+h] NaOH
0.7 B
0.5r -
0.4F J
I}
0.3F o]
o o fo)
0.2 J
%12
HCI-AIR-NaOH X
® HOG
L L L Fig. 12
0 3000 5000 10 000 HQG of HCI-AIR-
Gas velocity [kg/me-hr] NaOH

—5, BEN X Ch b S0% 3 Lo HCL izoW\WTiE, 92.9 LI R B 31 369 m3N/h
%~97.7 %% L 094.9 %~98.9 % Th o fro & DRERE BT AREROEE 850 °C, Hp0 9924 m3N/h
RBODEBENHETES L5, ¥ABNOBEIRAS AOXR MR 1g/m3N
& HOG(m) #ERMCER LENMRE L OF12-RL HOXz M BE 0.1 g/m3N
720 Am HCL s 700 mg/m3N
¥, HREBOEENEIZEIROB) Th-To Hio HCL g 200 mg/m3N
3. ELEBAN A SOx ¥ 150 ppm
B D7 R TR S, B+ FEHSEEE L B OB r X Hi O SOx g 15 ppm
NEBEBA AL, EREF — 2480 THET S, BE RS ES 90 %
LIEBD NMEETT, v—2Y —5 0 CmBY BH . PTHKE 1ms3/h
L, 2WERBEECIIRR R, 2WREEROEEY X Peok & pH 8, SS 1000 mg/e,
EHRI—5—T80°CETHEINS, 2D 350°CD HHERE 6.5 %
P 2oz F, HCL, SOX kXU BES RETHEN EEAE  A&%E 18300x7000®mm
TCIWSYR7 2 5BB LT, BIRET A0 — R v E
3.1 EEEME IWS  7800%x4220 W x6100Emm
MARED 7 v — 2 B3R RT. RSt LY FRP#
I T OB Th b, BmEEH 30kVx400mA
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Table 5 Performance test results

M Run 1 Run 2 Run 3 Run 4 Run § Run 6 Run 7 Run 8
easurement rench : h h h h h
o Gomn . (Qoe s [l aws (@] s [t aws (G2 s (ot s (G
inlet | outlet | inlet- | outlet | inlet | outlet | inlet | outlet | inlet | outlet | inlet | outlet | ilet | outlet | inlet | outlet
Gas quantity (actual) m?,/H | 25000 | 24000 | 28000 | 21 000 | 24 000 | 20 000 { 52 000 | 41 000
Gas quantity (wet) my,/H | 13000 | 19000 | 13000 | 16000 | 15000 | 16 000 | 25000 | 31 000 24000 | 24 000 | 22000 | 21 000
Gas quantity m’n,/H | 10000 | 11000 | 9800 | 9600 | 12000 | 10000 | 16 000 | 15000 13000 | 11000 | 12000 | 10 000
Gas temperature C 248 1 308 77 150 72 280 82 264 84 287 82
Static pressure mnH.0 | —30 -3 | —22 -3 | -7 ~3 | —37 -5 —10 0] —10 0
Co iti CO: % 6.6 6.6 6.4 6.4 4,6 4,6 6.8 7.8
o dry ams 0.f 9% |14 1114|118 |18 138|138 | 10.8 | 9.8
vE N2 % 82.0 | 82.0 | 81,8 | 8.8 | 81.6 | 81.6 | 82.4 | 82.4
H,0 % 20.8 | 41,2 | 245 | 41.2 | 21.8 | 33.4 | 37.2 | 50.7 46.1 | 54,7 | 46,2 | 50.5
g/m | 4.82 |0.139 | 6.42 {0,054 | 3.81 | 0.050 | 5,18 | 0,601 | 6.21 [ 0.698 | 12.1 | 0.505
Dust content g/m’% | 4,94 0,186 | 596 | 0.050 | 3.53 | 0.079 | 6.27 | 0,181 | 8,16 | 0.626 | 13.1 | 0.718
g/m% | 4.88 | 0.163 | 6.19 | 0.052 | 3.67 | 0,065 | 573 | 0.391 | 7.19 | 0.612 | 12.6 | 0.612 | 2.04 | 0,11 | 2.40 | 0,12
Hel ng,/m’ 333 55
SOx ppm 14 2.3
NOx ppm 64 52
Odor concentretion - 410 | 170
£ 6 KX ERKAKE
appEm e s - 50mS/hx 22 mx 7.5 kKW Table 6 Quality of circulating water
SCS148 Items Q(l:li(:rc)sll)az?rger ciri?l‘ging M?;g:ﬁgldent
IWS#EEH:> 7 250m8/hx 18 mx22 kW water water
S C S14#! pH — 1 9.6(20°C) | 9.4(20°C) |JIS K0102 12.1
- SS mg/¢ 160 80
NaOH ER> 7  3002/hx30mx0.2 kW
ER Y7 4 TDS g/e 200 88 |JIS K0102 14.3
3. 2 EERR Na* mg/¢| 59000 31000  |JIS K0102 48.1
B, ERCEETTH2H, ToERER L OMEET X Li* mg/2 — 192
MERE B RICRT. Ak, BIHOSRERICIW mert| o ooy |1 Kooz 412
A 5 — N 4 m, .
STEREOKELB O RCRT BERODSA VRIS g N ‘
BRI% 015 %~99.2 % LBAL L, FAUHNENBIE LR graviy 20 .7 | LI 1.08
— o, pa—
EWENETT 5, £0BTEEURCRT. ¥k, AR 7 (80°C) 1.10 1.06

KA T RELEBFE L OBERLYEBRCRT. Mrb%)
RIFAOR R M EER2 g/m3N~13 g/m3N O Gl
LD &2bhb, —F, B5R»H HCL, SOx kX
U NOX DpFHEIRFNEN83 %, 3 %KLV %TH

4. | WSOEHLE
BESREREYBEHAD Shr 2 i TWS 288 LeH
&, R R LU TEMEOFEELICET 5 ENT, KR

o e Ein, REZRIIFGE0 % Th 7o ZTHIRALRS  DOWERETHRE Ui
BN 410 LW HEDTEWE & NERCHREEREL I WS A E 40 000 m3N/h
S TWBHDEEZBND, D EOEBITHRENLD, FHEZ AOX X M RE 3 g/msN
HEIZITTER T 5 EBREENTWD & & BETEI N, WOz g 0.03 g/m3N
Ly N
oy
TR
E]E /'"_"\ Make up I

BI13HE SEE 7 o~y -~
Fig. 13 Flow sheet of actual
equipment

Quench tower

) @ Fan E&J
3 be@C
_________J ©
——— :;,_______________-_____________i NaOH tank

Ton scrubber
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Table 7 Comparison of various processes

IWS ESP -+ Scrubber Reactor + Bag filter
Flow
= )
P’ess‘“(fmirﬁzo) 50 150 250
Quench tower 1000 ESP 12 000 Reactor 5000
Initial cost WS 9000 Quench tower 1000 Ca(OH); feeder 2000
(X104YEN) Scrubber 3000 Bag filter 8 000
Total 10 000
Total 16 000 Total 15000
Quench tower 11 kW ESP 30 kW Reactor 11 kW
Quench tower 11 Ca(OH)2 feeder 5.5
ws 22 Scrubber 22 Bag filter 3.7
Power cost Fan 18.5 Fan 75 Fan 110
(X 104YEN/Y)
Total 51.5 kW Total 138 kW Total 130.2 kW
¥=5]1,5X0.8X8760X18%10"* F¥=138%0,8xX8760x18x 104 v¥=130,2><0.8><8760><18><10"4
=650 =1, 740 =1, 640
(1) Initial cost and running cost are Non-wastewater treatment
R K low.
emarks (2) Dust colletion efficiency is R
regardless of electrical resistance
99 T T T T T T 100 T T -
£ G=16000~19 000 m/h
98r 1 \ /
0 - =
S ® ° ] S
? 951 o o] g 951 )
8 90 i k=
= 43}
o5 = ~ s
80k | G=27300~31400 m/h
70+ . o I
60F L I ' I . L é 1‘0 15
50 25 30 35 0 15 50 Inlet dust content [g/mN]
100 VEL  [sec./ft] R
B15E ALX R MREESEEROBR
B4R FAREEEBEDROBR Fig. 15 Relation between inlet dust content and collection
Fig. 14 Relation between gas velocity and collection efficiency efficiency
A HCI 1 000 ppm BENMEL, BRBERBIVEIERELRMTHSD 2 L2
Hir1 HCL 10 ppm bbb
A O SOx 1000 ppm iy E} (63
o SOx 10 ppm BRI S A MBI L7 e e R THB I
BT Rcik, ITWSHR, ESP+R7 75~ WS%kHEHAL, TOLE, FEFRBRER L ORESHRED

H BLOKIGE+NRT 7 ANVE ~BFRERE Lo 2D
BREEREBTRCORT Z0OR, IWSOHE, EH

HeR%E Lico $8, REERT R 235k L OHAKS
COWTEBRAE LT TP il
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199242 6 A 8 ARAHMK - EiRiRE SR CHE I
Gb) BAREEBRTIEATMH (B BREXYE) OF18
H MESAEZIEEESRY | coa¥McRBLOBpEEE
KEEHZE Ui,

FEZ T, BEEEZAEENEEINZOK, SI7TEC
18D BEEINTHBE0T, BP T BHAEOZRE
Th 5o

BRRELEE

ki TFAREOTKAE R & O BEEIKAES DKL
BEROT T, BMPosiE - FUCRERD BEE
1k, WEE BEEPFEROAENEN—-RELT,
ERBKEROEEENEA L, BPKEINOBERENEE
ThTnB,

Lo AISELISR ORI 7 D, THIRAEERE D25
HICEM D, SROPUKEELERANEIHL, 20Kk
% DEBR L BRI E 2T, 2<FHLWEE1D, #10
EFNCBESFEEIRIC X BB ORBRCESF Ui, BFR
- BIRAERSE, TCeREBHNEBEAACR I =74 7
7 v b, HALELHOEREEEKAE, REAKOEETER
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